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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

A Non-Contact Measurement 
System for Large Airfoils 

Background of Invention 

[0001] This invention relates to measuring systems, and more particularly to an optically 
based system for non-contact measurement of a part such as an airfoil having a 
complex part shape. Because the shape of an airfoil is complex it has a critical bearing 
on the performance of an engine in which it is installed. Airfoil shape is defined by a 
CAD definition in terms of sections, or a three dimensional (3D) surface characterized 
by a number of parameters which include contour, bow, and warp. Current methods 
inspecting airfoils utilize dedicated hard gauges or coordinate measuring machines 
(CMMs). Both methods determine whether or not an airfoil falls within drawing 
specified limits for contour, bow, twist and chord, as well as other parameters. 

[0002] There are a number of problems associated with these inspection methods. First, 
hard gauges are expensive, slow to manufacture and dedicated to a single airfoil 
shape. Manufacturing shops must store and perform regular maintenance on all their 
hard gauges. Second, a significant amount of time is required to inspect an airfoil. In a 
manufacturing environment, increasing the speed of inspection (so long as inspection 
accuracy is not compromised) can provide significant cost savings. Another factor is 
the reliability of the inspection results. With complex surface shapes such as airfoils 
have, small errors in the use of hard gauges or CMMs may result in acceptable parts 
being rejected, or unacceptable parts being accepted. Related to this third factor is 
need to have reliable inspection data available for analysis to both monitor the 
manufacturing process to improve both the process and the parts produced. 

[0003] 

Given the above, it would be advantageous to have available an improved 
inspection method which facilitates lower gauge cost and quicker part inspection 
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while providing highly accurate and reliable test results. 

[0004] The present invention utilizes one or more non-contact sensors, in combination 
with appropriate data acquisition systems and data processing, to inspect the surface 
shape of an airfoil, determine its manufactured parameters, and compare the acquired 
shape data to specified limits to determine if the airfoil meets acceptance criteria. The 
advantage of using non-contact inspection methods is that the speed of inspection 
can be increased, results are more reliable because the process is automated, and 
quantitative data relating to airfoil shape is immediately available for use in 
monitoring the manufacturing process as well as for future use in making design 
improvements. 

[0005] A wide variety of non-contact sensors are commercially available, and are readily 
integrated into systems performing non-contact measurement of physical objects. 
Despite this, however, many previous attempts to measure airfoil parameters using 
these sensors have failed because of i) the measurement system's inability to meet 
accuracy and speed requirements, and ii) difficulties related to effects of the airfoil's 
surface finish on optically measuring the surface characteristics of the airfoil. 

Summary of Invention 

[0006] 

Briefly stated, the present invention integrates one or more commercially available 
non-contact optical sensors with a positioning system for moving the sensors over 
surface and edges of an airfoil which is held in a holding fixture in a position which is 
repeatable from one airfoil to the next. The airfoil is aligned in a standardized co- 
ordinate system for the purpose of relating accurate measurements of the airfoil's 
surface and edges to their design values. For airfoils which are smaller than the 
sensor's field of view, the airfoil is rotated about a rotary stage so both sides of the 
airfoil may be viewed by the sensor. For airfoils larger in size than the sensor's field of 
view, the sensors and the part are moved relative to each other so that the sensor 
covers all areas of the airfoil surface and edges. Data collected from the resulting 
views is converted to the co-ordinate system using data processing. In one 
embodiment, the sensor is mounted on a horizontal positioning stage (Y-axis) which 
is attached to an orthogonal, vertical positioning stage (Z-axis). This enables sensor 
motion over a Y-Z plane. The airfoil is also installed on a rotary stage which is 
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mounted on a horizontal positioning stage (X-axis). This allows the part to be moved 
closer or farther away from the sensor plane. This combination allows full sensor 
coverage of all the airfoil surfaces and edges; provided, positioning stages of 
sufficient size are used. 

[0007] The foregoing and other objects, features, and advantages of the invention as well 
as presently preferred embodiments thereof will become more apparent from the 
reading of the following description in connection with the accompanying drawings. 

Brief Description of Drawings 

[0008] In the accompanying drawings which form part of the specification: 

[0009] Figs. 1A and IB are simplified representations of a first embodiment of a system 

of the present invention for measuring a complex part shape such as an airfoil; and, 

[0010] Figs. 2A and 2B are similar representations of the system for use in measuring a 
larger complex part shape. 

[001 1] Corresponding reference numerals indicate corresponding parts throughout the 
several figures of the drawings. 

Detailed Description 

[001 2] The following detailed description illustrates the invention by way of example and 
not by way of limitation. The description clearly enables one skilled in the art to make 
and use the invention, describes several embodiments, adaptations, variations, 
alternatives, and uses of the invention, including what is presently believed to be the 
best mode of carrying out the invention. 

[0013] 

Referring to the drawings, a non-contact measurement system 1 0 of the present 
invention is used to measure a complex part shape such as an airfoil A to determine 
acceptability of the part. In the drawings, airfoil A is shown mounted on a precision 
root gripping fixture 1 1 which holds the airfoil in a desired fixed position which is 
repeatable from one airfoil to the next. In measuring the characteristics of the airfoil, 
it is important to both measure the surface features of the part over the entire surface 
of the part, and to locate the edges of the part. To accomplish this, system 10 
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employs a non-contact, large area optical sensor 12 and a high resolution point 
sensor 1 4. Sensor 1 4 supplements the sensor 1 2 where needed; for example, edge 
location and shape measurement. Both sensors are commercially available sensors. In 
one embodiment of the system, the large area sensor is eliminated and the high 
resolution point sensor performs all of the measurements. Sensor 12 is, for example, 
available from Brooks-PRI of 1 49 Sidney St., Cambridge, Massachusetts, under there 
model designation 4DI. Edge detection sensor 14 is available from Optimet (Optical 
Metrology LTD) of 9 Electronics Ave., Danvers, Massachusetts, under their model 
designation ConoProbe. Each sensor is mounted on a fixture 12f and 1 4f respectively. 
These fixtures are part of a positioning platform 16 by which the sensors are moved 
linearly (along the Y-axis) with respect to the airfoil so to measure all of the surface 
features of the part and precisely locate its edges. Fixtures 1 2f and 14f, and platform 
16 also allow the respective sensors to be positioned in locations relative to the airfoil 
so to improve the accuracy of data obtained from the sensors. Moving the sensors 
from one position to another using platform 16 allows different sets of data to be 
obtained for the airfoil for different orientations of the sensors relative to the part. 
Although not shown in the drawings, those skilled in the art will understand that 
optical sensor 12 and point sensor 14 may be fixed in place with fixture 1 1 being 
movable along the Y-axis so all the surface and edge features of the part are 
measured. 

[0014] 

In testing airfoil A for part acceptability, the measurements of surface features and 
edge locations are compared with those for a master CAD model CA for the part. 
Software for controlling such an inspection system and for comparing airfoil 
measurements with a master CAD model is available Tecnomatix Technologies, Inc of 
Northville, Michigan. If a master CAD model is not available, a complete set of surface 
feature measurements for a reference part (a so called "golden blade") may be utilized 
instead. To insure that comparison of the part features to the master CAD model or 
reference part are proper, a surface probe 1 7 may be placed in contact with the airfoil. 
It is also possible to perform this alignment without a surface probe 1 7 if appropriate 
software is available to accomplish this task using data from point sensor 14. This is 
done to aid in the alignment of the airfoil to a reference X-Y-Z coordinate system 
defined by the master CAD model CA or reference part. Once the alignment is 
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established, edges El and E2 of the part are located and all features of the part's 
concave and convex surfaces SI and S2 are measured and stored. 

[001 5] If the size of the airfoil is such that it entirely fits within the field-of-view (FOV) of 
optical sensor 12 as shown in Fig. 1A, then once the surface features for one side SI 
of the airfoil have been obtained, fixture 1 1 is rotated to turn the part around as 
indicated in Fig. 2B. If the part does not initially fit within the FOV, then, in some 
circumstances, moving the fixture along an X-axis toward or away from optical sensor 
1 2 will enable the part to fit completely within the sensor's FOV. Although not shown 
in the drawings, it will be understood by those skilled in the art that the part could 
remain fixed in place and the sensors moved along the X-axis until the part fits 
completely within the sensor's FOV. Once rotated, the surface features for the 
opposite side S2 of the airfoil are also obtained using sensor 12 as shown in Fig. IB. 
Again, edge sensor 14 is used to locate the respective edges SI , S2 of the part. While 
not shown in the drawings, it will be understood that the same FOV considerations 
also pertain to edge location sensor 14. 

[0016] Once all of the surface feature and edge location information for airfoil A has been 
obtained, a processor 1 8 analyzes the resultant data. The data for the airfoil is 
compared by the processor with that from the master CAD model CA, or the reference 
part, to determine if the part is acceptable. 

[001 7] Some airfoils (airfoil B in Figs. 2A and 2B) may be so large that when they are 

installed on fixture 1 1 , they do not fit within the field-of-view of sensor 12, even after 
moving the fixture relative to the sensor's platform 16. In these situations, surface 
feature and edge information for the airfoil is obtained for a set of overlapping 
segments of the airfoil. In the simplified representation of Figs. 2A and 2B, airfoil B 
and fixture 1 1 are moved vertically along a Z-axis so that as shown in Fig. 2A, the 
lower half of the airfoil is first measured. Thereafter, the platform is moved so the 
upper half of the airfoil is measured. This is as shown in Fig. 2B. Although not shown 
in the drawings, it will be understood by those skilled in the art that once one side SI 
of the airfoil is measured, the fixture is rotated as before, so the other side of airfoil B 
can similarly be measured. That is, first the lower half of the airfoil is measured, then 
fixture 1 1 and airfoil B are moved so the upper half of the airfoil can be measured. 
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[001 8] In reality, an airfoil such as airfoil B would be divided into segments on the order 

of 4"-5"in height. This would mean that 6-7 sections would be individually measured 
in order to obtain the requisite surface feature and edge location information needed 
to determine part acceptability. It will also be understood that besides moving the part 
vertically along the Z-axis to obtain the necessary information, depending upon the 
width of the airfoil as mounted on fixture 1 1 , the fixture may also be moved from 
side-to-side relative to the sensors (along the Y-axis) to obtain measurement data 
with full coverage of the airfoil. 

[001 9] Again it will be appreciated that while not shown in the drawings, the sensors can 
be moved vertically along the Z-axis while the part remains stationary to obtain the 
requisite measurement information. 

[0020] The system of the invention can be calibrated with NIST traceability through the 
use of NIST traceable artifacts. As noted, the system also allows for geometric 
corrections of the sensors' orientation with respect to the part under test so to 
improve the accuracy of the data obtained from the sensors. Importantly, non-contact 
sensors 12 and 14 provide highly accurate information. Even though the sensors have 
a limited field of view (FOV); nonetheless, system 1 0 facilitates their use to inspect a 
wide range of airfoils of different sizes without any loss in the accuracy of data 
obtained by the sensors. The sensors are also tolerant of variations in surface finish 
over the surface of the airfoil. Those skilled in the art will understand that some 
portions of an airfoil's surface are more highly reflective of light striking the surface of 
the part than other portions of the surface. These variations are accommodated for 
within system 1 0 so there is no loss in accuracy of the data obtained for one portion 
of the airfoil's surface when compared with that obtained from another portion of the 
surface. Finally, processor 1 8 stores the data obtained for each airfoil tested using 
system 1 0. This data is useful in monitoring various airfoil shape parameters as an aid 
to initial process set-up, or to determine if changes in manufacturing processes need 
to be made, etc. 

[0021] 

In view of the above, it will be seen that the several objects of the invention are 
achieved and other advantageous results are obtained. As various changes could be 
made in the above constructions without departing from the scope of the invention, it 
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is intended that all matter contained in the above description or shown in the 
accompanying drawings shall be interpreted as illustrative and not in a limiting sense. 



App_ID= 10065 192 



Page 7 of 17 



